Introduction
Approximately 40% of HIV infected patients have chronic meningitis during various stages during the infection, with 59% being asymptomatic (1) (2) (3) . This is a diagnosis of exclusion and a confounding factor in cerebrospinal fluid (CSF) analysis. Any other causes of chronic meningitis by opportunistic or co-infections as Cryptococcus neoformans; tuberculosis, syphilis and toxoplamosis need to be ruled out (2) .
The differential diagnosis between opportunistic or coinfections and HIV related chronic viral meningitis is crucial both for choosing the most appropriate therapeutic option and prognosis. This is a difficult issue to tackle in clinical practice.
The present study was aimed to analyze CSF lactic acid (LA) in chronic meningitis (by HIV, C. neoforman tuberculosis, syphilis and toxoplamosis) and acute viral meningitis (by enterovirus and Herpesvidae) in order to identify a CSF adjuvant biomarker that could help in the differential diagnosis between an increase in CSF cells due to HIV and opportunistic infections. In order to calculate the operational characteristics of CSF LA, it is essential to discriminate between HIV related chronic meningitis and opportunistic infections.
Materials and methods
A prospective longitudinal study was conducted at the clinical pathology laboratory of Hospital de Clínicas, Universidade Federal do Paraná (HC-UFPR). This study was approved by the HC-UFPR IRB.
Table 1
CSF biochemistry and cell characteristics of all groups studied (median; IQR).
G r o u p All CSF samples were obtained by lumbar puncture (LP). CSF LA was determined using the Dimension AR machine (Dade Behring, Deerfield, IL, USA).
CSF total protein (TP) was quantified using a turbidimetric pyrogallol red method and CSF glucose was quantified using an enzymatic method. CSF total cell count (WBCs) was performed using a Fuchs Rosenthal chamber. A WBC count )4 cells/mm 3 was considered increased. For the differential cell count, CSF samples were concentrated by Shandon Cytospin (Pittsburgh, PA, USA) and the slides were stained using the May-Grünwald-Giemsa technique. The predominance of cells was only considered when it was higher than 50%.
A total 223 CSF samples were studied. Demographic, CSF biochemistry and cell characteristics and HIV status of all the studied groups are shown in Table 1 . The samples were distributed into the following groups: Group 1. HIV positive with increased CSF WBCs (ns17); CSF samples with increased number of WBCs with predominance of lymphocytes (G50%) and glucose G2.78 mmol/L. CSF VDRL; direct bacterioscopic and mycologic examination, fungal and bacterial cultures were negative. Group 2. HIV positive with normal CSF biochemistry and cell characteristics (ns20). 
Statistical analysis
The results are shown as median"interquartile range (IQR). Continuous variables were compared using the non-parametric testing In order to evaluate the operational characteristics (5) of CSF LA quantification for the diagnosis of HIV related chronic meningitis and chronic meningitis caused by opportunistic infections or coinfections, group 1 was compared to groups 5, 6, 7 and 8. Groups 7 and 8 included only cases with an increase in CSF WBCs. The CSF LA cut-off used was 3.5 mmol/L.
The following formulas were used: sensitivity: wTrP/(TrPqFN)x=100; specificity: wTN/(TNqFP)x=100; positive predictive value: wTrP/(TrPqFP)x=100; negative predictive value (NPV): wTN/(TNqFN)x=100; detection rate: TrP/total tested; Youden index: w(sensitivityqspecificity)y1x; error ratio: (FPqFN)/TrP; combined error: (FPqFN)/total tested.
(TrP, true positive; TN, true negative; FP, false positive; FN, false negative); likelihood ratio for a positive test (LRq)s sensitivity/(1yspecificity).
Results
The CSF LA (median; IQR) was higher in samples with TB meningitis (5.5; 2.9-7.5 mmol/L) and fungal meningitis (3.9; 2.7-5.8 mmol/L) compared to samples with HIV related chronic meningitis (1.7; 1.4-1.9 mmol/L) and the other groups. A comparison of all nine groups (KW, pF0.0001) ( Figure 1 and Table 2) showed no difference between the fungal meningitis and TB meningitis groups (MW, ps0.20).
There was no difference between the group with HIV chronic meningitis and groups 2, 7, 8 and 9 (ps0.36), even when only the cases of increased CSF WBCs in groups 7 and 8 were analyzed. There was a difference between the group with HIV chronic meningitis and the groups with acute meningitis due to enterovirus (group 3) and the group with herpes virus (group 4) (KW, ps0.0002). No difference (MW, ps0.38) was found in the groups with acute meningitis (3 and 4).
In the TB group (group 6) median; IQR in cases with confirmed TB (6 cases) 6.7; 5.6-10 mmol/L; in the cases with probable TB (5 cases) was 2.9; 1.7-9 mmol/L, and in cases with possible TB (6 cases) 4.5; 2.4-9.8 mmol/L (KW, ps0.13). A comparison confirmed those cases where differences were likely to occur (MW, ps0.08).
CSF LA -3.5 mmol/L was found in group 1 in 17 (100%) samples; group 2 in 19 (100%); group 3 in 32 (97%); group 4 in 26 (87%); group 5 in 10 (42%); group 6 in 5 (29%); group 7 in 18 (100%); group 8 in 6 (100%) and group 9 in 56 samples (98%).
The operational characteristics of CSF LA, using a cut-off of 3.5 mmol/L, for the differential diagnosis between HIV related chronic meningitis and other causes of chronic meningitis are shown in Table 3 .
Discussion
The normal range for lumbar CSF LA in most reports ranges from 1.1 to 2.2 mmol/L (6, 7). LA concentrations in the control group were (median; IQR) 1.7; 1.4-2.0 mmol/L. In this study, CSF LA was higher in chronic meningitis by TB and fungus, caused primarily by C. neoformans than HIV chronic meningitis. In tuberculosis meningitis, CSF LA was higher in the cases that were culture positive (6.7, 5.6-10 mmol/L), being three-fold higher than the control group, which is in accordance with other studies that also showed that neither the clinical stage of tuberculosis meningitis nor prognosis was related to CSF LA concentrations (8) . Repeated CSF studies persistently showed high LA concentrations in the early stages of illness despite adequate antituberculous therapy (8) . The CSF LA concentration helps differentiate between partially treated pyogenic meningitis and tuberculous meningitis. The increase in CSF LA is not specific for meningitis and interpretation must take into consideration the patient's clinical status (9) . Studies investigating the role of CSF LA in helping differentiate between tuberculous meningitis and aseptic meningitis used an upper Table 3 The operational characteristics of CSF LA usig a cut-off of 3.5 mmol/L to diagnose chronic meningitis by HIV and chronic meningitis due to fungus, tuberculosis, toxoplasmosis and syphilis. (10) . There was a difference among the groups with HIV chronic meningitis and the group with acute viral meningitis by enterovirus and herpesviridae meningoencephalitis. However, the CSF LA values were lower than 3.5 mmol/L in all groups and thus there was no clinical relevance.
The sensitivity of CSF LA in our study was 100%. However, the specificity of LA for differentiating HIV related chronic meningitis from fungal meningitis or tuberculosis was low. Including toxoplasmosis and syphilis, two conditions that could also cause chronic meningitis, the specificity is even lower (46%). In this study, all cases with toxoplasmosis or syphilis showed LA to be lower than 3.5. Thus, LA does not help differente between these opportunistic infections and co-infections. The NPV is high, therefore a LA higher than 3.5 rules out chronic meningitis by HIV. However, when values are lower than 3.5, no diagnosis can be made because the PPV is low due to the previous considerations regarding toxoplasmosis and syphilis. Both the NPV and PPV depend on the prevalence of the disease on the population. Previous studies show that CSF LA exhibited the highest sensitivity (89%-100%) and specificity (96%-100%) at values G3.5 mmol/L to discriminate between acute untreated bacterial meningitis and viral meningitis (11, 12) . This limit proved to be also relevant for tuberculosis (8) , Listeria monocytogenes (13) and fungal meningitis (14) . The CSF LA test fulfills the criteria of an optimum test; higher discrimination limits at )5.0 mmol/L reduce diagnostic sensitivity, and a lower limit, such as 2.8 mmol/L decreases diagnostic specificity and does not allow differentiation of viral meningitis from controls (15) .
CSF LA is considered a good biomarker to differentiate acute bacterial from viral meningitis at a cut-off of 3.5 mmol/L (6, 15-22 ). In the current study we show that CSF LA can also help different between HIV related chronic meningitis, and tuberculosis and cryptococcus meningitis, although it does not help in differentiating between HIV related chronic meningitis and toxoplasmosis or neurosyphilis; two frequent causes of chronic meningitis in HIV patients. CSF LA is also not helpful for differentiating between HIV meningitis and other causes of viral meningitis, such as caused by enterovirus and the herpesviridae family. According to some authors, the test is unlikely to be of much help in differentiating between partly treated bacterial meningitis from viral meningitis, but it is valuable for differentiating between tuberculous meningitis and viral meningitis, modified bacterial meningitis and parameningeal septic states (23) .
CSF LA is increased in fungal meningitis. CSF LA concentrations in fungal meningitis ranged from 3.2 to 13.3 mmol/L. Due to the poor sensitivity of stained smear or wet preparations and cultures when -5 mL of CSF are used for culture, an increased LA value in a patient showing or not showing signs of meningitis should raise the suspicion of fungal infection (14) . Some investigators describe overlapping CSF LA concentrations in viral, partially treated bacterial meningitis and tuberculosis meningitis. This limits the value of the assay as a diagnostic test for the differential diagnosis of these disorders (24) .
Bacteria can produce both D-and L-lactate, while mammalian cells produce only L-lactate. Increased CSF lactate in meningitis consists mostly of L-lactate and originates predominantly from host cells. CSF D-lactate is of limited diagnostic value (25) . Since the LA concentration in bacterial meningitis increases linearly with the number of LA-producing cells, it can be concluded that the increased LA concentration results from CSF pleocytosis. If LA concentrations are higher than the normal distribution, additional sources of LA production, such as cerebral hypoxia must be assumed (26) . The CSF concentration of LA is directly dependent upon its production rate by the brain. There is substantial evidence in patients and in experimental animals that blood and CSF LA concentrations are largely independent of each other (7, 27) . Thus, intravenous infusion of LA in dogs was sufficient to raise the blood concentration six-fold, yet failed to increase CSF concentrations (7) . This is important in clinical practice because it eliminates the need for collecting matched serum. CSF LA concentrations are also useful in the diagnosis of post surgical acute bacterial meningitis when there is not a specific increase in cells and proteins (28, 29) . There is no correlation between CSF and blood. In the cases of low CSF LA, values are similar to those in serum (7, 27) . This is a very important characteristic of LA determinations and an advantage over CSF glucose determinations which are dependent on blood glucose concentrations.
Elevated CSF LA is associated with low CSF glucose concentrations. While a moderate elevation in LA is often observed with a normal CSF glucose concentration, the occurrence of a very low CSF glucose concentration has been invariably associated with a substantial increase in LA concentrations. This is indicative of the occurrence of increased anaerobic glycolysis by the adjacent cerebral tissue or by cellular infiltrates in the leptomeninges in the pathogenesis of reduction in glucose content and increases in LA (30) .
The measurement of CSF LA has been considered by some investigators to be clinically useful in the differential diagnosis of disorders associated with low CSF glucose and as guidance on response to therapy (31) .
There is substantial evidence that whenever cerebral glycolysis is increased, whether this is due to anaerobic glycolysis, hypoxia, ischemia, seizures or meningitis (32) , the LA and pyruvate concentrations in brain and CSF, and the lactate-to-pyruvate ratio are typically increased. However, measurement of CSF LA concentrations showed that these were greater than the ratio of CSF to blood glucose for the diagnosis of bacterial meningitis in postoperative neurological patients (17, 33) .
The blood brain barrier (BBB) shows low permeability to the diffusion of LA; in the normal pH range the LA molecules are mostly dissociated. The penetration of acid radicals of metabolic origin through the BBB depends on the characteristics of the exchange mechanisms (34) .
The central nervous system (CNS) and immune system are the main targets of HIV infection (35) . The frequency of neurological manifestations as AIDS defining diseases varies according to the geographic area. At autopsy, neurological findings are found in 75%-90% of the patients. Intracranial mass lesions account for 50% of neurologic disorders and are among the most common neurologic complications of HIV infection, due to opportunistic infections or CNS primary neoplasm. These occur in patients with CD4 counts of -200 cells/mm 3 (36) . It is possible that HIV penetrates the CNS during the initial stages of infection. During this period, the viral load in the peripheral blood is as high as it is in the terminal stage of the illness that can drive CNS penetration (37, 38) .
Chronic meningitis can be caused by HIV in 13 (1) to 40% (2, 3) of HIV positive individuals, at any stage of HIV infection. CSF characteristics are similar to those of other viral meningitis. CSF cytological and biochemical findings in AIDS patients limit the interpretation of CSF. CSF abnormalities are quite frequent in these patients, are non-specific and difficult to interpret. In these circumstances, a systematic search to identify the etiologic agent using microbiological and/or immunological assays or molecular biology, when available, should be routinely performed (39) .
C. neoformans is the most common life-threatening fungal pathogen that infects patients with AIDS. It is a very common CNS opportunistic infection, occurring in about 10% of AIDS patients (40) . In AIDS patients and those with cryptococcosis, abnormal CSF is found in 69%, and in the group with no identified neurological dysfunction, abnormal CSF is found in 61%. Lymphocytes were the most frequent cells in both groups (39) .
In order to identify a biomarker that could help differentiating between HIV related chronic meningitis and other opportunistic chronic meningitis, such as those caused by M. tuberculosis, C. neoformans or syphilis could be of great clinical importance. LA has proved to be helpful in these cases.
In conclusion, CSF LA can be used routinely in laboratories. It can be measured rapidly on automated instruments and is easy to perform. In addition, it is a powerful test to discriminate between HIV-related chronic meningitis and opportunistic chronic meningitis, with high sensitivity and NPVs, although low specificity. CSF LA is a biomarker that helps discriminate between C. neoformans or suspicion of TB meningitis and HIV related chronic meningitis. Although it is important to stress that it does not replace the current methods used to identify these specific pathogens, it can be associated with them.
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